Introduction
============

Mumps is an acute infectious viral disease characterized by hypertrophy and pain of the salivary glands, especially the parotid glands. Although the symptoms of mumps are generally confined to infectious parotitis, severe complications such as orchitis, pancreatitis, and meningitis can occur.

Mumps orchitis is a complication that occurs in 15%-30% of adult male patients with mumps but is very rare in pre-adolescent patients \[[@b1-usg-19097]\]. Gray-scale ultrasonographic examination of patients with mumps orchitis shows swelling and heterogeneous hypoechogenicity of the testis along with scrotal wall thickening \[[@b2-usg-19097],[@b3-usg-19097]\]. Color Doppler ultrasonography shows increased blood flow in the testicular parenchyma of the affected testis \[[@b2-usg-19097],[@b3-usg-19097]\].

The mumps virus damages the testicular tissue as a result of parenchymal edema. Increased pressure caused by parenchymal edema can induce necrosis of the seminiferous tubules and atrophy of the germinal epithelium \[[@b4-usg-19097],[@b5-usg-19097]\]. As a result, testicular atrophy develops in 40%-70% of affected testicles \[[@b6-usg-19097]\].

Although several articles about testicular atrophy as a complication of mumps orchitis have been published \[[@b7-usg-19097]-[@b10-usg-19097]\], the associated ultrasonographic findings have not been described. The purpose of the present study is to describe the ultrasonographic findings of testicular atrophy in patients with mumps orchitis.

Materials and Methods
=====================

This retrospective study was approved by the institutional review board of our institution, and the requirement for informed consent from the patients was waived. We retrospectively reviewed the case files of eight mumps orchitis patients with testicular atrophy who were treated at Kyung Hee University Hospital at Gangdong or Kyung Hee University Hospital between January 2011 and September 2017.

Patients ranged in age from 14 to 24 years (mean, 17 years). The diagnosis of mumps orchitis in all eight patients was confirmed by the combined presence of sialadenitis and positive mumps-specific immunoglobulin M and/or immunoglobulin G, with clinical findings including testicular pain, swelling, and tenderness along with ultrasonographic findings. The diagnosis of testicular atrophy was based on a testicular volume reduction of 2 mL or 20% compared with the contralateral normal testis \[[@b7-usg-19097]\]. The time from the initial diagnosis of mumps orchitis to the ultrasonographic diagnosis of testicular atrophy ranged from 25 to 230 days (mean, 95.9 days). In five of the eight patients, 3x1,000,000 IU of interferon alpha-2B (Intron A, Schering-Plough, Kenilworth, NJ, USA) was subcutaneously administered for 7 days.

All ultrasonographic examinations were performed with an iU22 ultrasound machine (Philips Medical Systems, Bothell, WA, USA) equipped with a 5-12 MHz linear array transducer and a LOGIQ 700MR system equipped with a 10-5 MHz linear array transducer (GE Healthcare, Milwaukee, WI, USA). Color Doppler ultrasonography was performed with optimized color Doppler parameters. The power level, threshold, persistence, and wall filter were individually adjusted to maximize the detection of blood flow throughout the field of view. The speed scale of the color Doppler was set to the lowest detectable flow speed. The color gain control was adjusted so that background color noise was minimal or absent.

The ultrasonographic findings were determined by retrospective analysis of the images. The gray-scale and color Doppler ultrasonographic images were interpreted via the consensus of two experienced radiologists, each with more than 5 years of experience in the practice of ultrasonography.

We determined the volume, shape, echogenicity, and degree of blood flow of the testes. To measure testicular volume, the scanner was placed on the scrotum, and light pressure was exerted to avoid distorting the testicular shape. Gray-scale images of the testes were obtained in the transverse and longitudinal planes. After the maximum length, width, and height were identified on ultrasonography, the actual values were measured, and the testicular volume was calculated using the formula for an ellipsoid: volume=π/6×length×width×height \[[@b11-usg-19097]\].

We classified testicular shape as elliptical or oblong. If the testicular length was more than twice the width, we classified the shape as oblong. If the testicular length was less than twice the width, we classified it as elliptical.

The echogenicity of each testis affected by mumps orchitis was compared with that of the contralateral normal testis. The degree of blood flow to the lesion was determined through comparison with the contralateral asymptomatic side. The vascularity was classified using a 3-point scale, with 0 signifying decreased vascularity, 1 signifying similar vascularity, and 2 signifying increased vascularity compared with the contralateral normal testis. In the single case of bilateral involvement of mumps orchitis, the echogenicity and blood flow were compared with the contralateral normal testes of the seven other patients.

All data were collected and analyzed with SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). The independent t test was used to evaluate the differences in age and volume. A P-value of less than 0.05 was considered to indicate statistical significance.

Results
=======

Testes were affected unilaterally in seven patients (6 right-sided and 1 left-sided) and bilaterally in one patient. The mean testicular volume at the initial ultrasonographic examination was 20.4±7.9 mL (range, 11.6 to 27.2 mL) in the testes affected by mumps orchitis and 10.7±3.1 mL (range, 6.8 to 14.8 mL) in the unaffected testes ([Table 1](#t1-usg-19097){ref-type="table"}). The mean testicular volume at the follow-up ultrasonographic examination was 6.3±2.0 mL (range, 3.0 to 10.3 mL) for the affected testes and 10.8±2.3 mL (range, 6.7 to 13.8 mL) for the unaffected testes ([Table 1](#t1-usg-19097){ref-type="table"}).

On initial ultrasonography, all nine affected testes had larger volumes than the corresponding contralateral normal testes (n=7, P=0.006) ([Table 2](#t2-usg-19097){ref-type="table"}). However, on follow-up ultrasonography, the testicular volumes of the testes affected by mumps orchitis were smaller than those of the contralateral normal testes (n=7) by 23%-55% (mean, 44.7%; P=0.001) ([Figs. 1](#f1-usg-19097){ref-type="fig"}, [2](#f2-usg-19097){ref-type="fig"}). Compared to the initial testicular volumes, the volumes of the affected testes were reduced by 35%-92% (mean, 68.3%) on follow-up ultrasonography (n=9). The affected testes exhibited a significant difference in volume between initial ultrasonography and follow-up ultrasonography (P=0.001).

In terms of testicular shape, all nine testes impacted by mumps orchitis were elliptical on initial ultrasonography ([Table 3](#t3-usg-19097){ref-type="table"}). On follow-up ultrasonography, however, the testicular shape had changed to oblong in seven testes ([Figs. 1](#f1-usg-19097){ref-type="fig"}, [2](#f2-usg-19097){ref-type="fig"}).

In terms of echogenicity, testes affected by mumps orchitis appeared hypoechoic (n=7) or heterogeneously hypoechoic (n=2) on initial ultrasonography and heterogeneously hypoechoic with multiple hyperechoic islands (n=7) or heterogeneously hyperechoic (n=2) on follow-up ultrasonography ([Table 3](#t3-usg-19097){ref-type="table"}, [Figs. 1](#f1-usg-19097){ref-type="fig"}, [2](#f2-usg-19097){ref-type="fig"}). On color Doppler ultrasonography, the degree of blood flow was relatively high (grade 2) in all nine cases at the initial examination. On follow-up color Doppler ultrasonography ([Table 3](#t3-usg-19097){ref-type="table"}), the degree of blood flow was grade 1 (n=3) or grade 0 (n=6) ([Figs. 1](#f1-usg-19097){ref-type="fig"}, [2](#f2-usg-19097){ref-type="fig"}).

Discussion
==========

Testicular atrophy is a reduction in testicular size that can occur after epididymo-orchitis, testicular torsion, unilateral cryptorchidism, varicocele, or trauma \[[@b12-usg-19097]\]. Lee et al. \[[@b7-usg-19097]\] stated that the criterion for testicular atrophy is a testicular volume reduction of 2 mL or 20% compared with the contralateral normal testis. In our study, after mumps orchitis (n=9), atrophic testes had volumes 23%-55% (mean, 44.7%) smaller than the contralateral normal testes (n=7).

The pathogenesis of testicular atrophy in mumps orchitis is as follows. Infection causes edema or congestion, as well as perivascular and interstitial infiltration of lymphocytes. The increased pressure on the seminiferous tubules leads to necrosis due to the barrier effect of the tunica albuginea of the testis \[[@b4-usg-19097],[@b5-usg-19097]\]. Then, spermatogenesis stops, and necrotic cells, debris, and phagocytes accumulate in the seminiferous tubules \[[@b4-usg-19097]\]. Finally, seminiferous tubule necrosis leads to hyalinization, fibrosis, and atrophy of the testes \[[@b8-usg-19097]\].

In terms of testicular shape, in seven cases of mumps orchitis in the present study, the shape became more slender (changing from elliptical to oblong) between initial and follow-up ultrasonography. Therefore, we suggest that the testicular volume loss in mumps orchitis is more severe in the axial dimension than in the longitudinal dimension.

Regarding echogenicity, most of the atrophic testes in our study appeared heterogeneously hypoechoic with multiple hyperechoic islands on follow-up ultrasonography (n=7). A previous study found that, in cases of testicular atrophy after trauma, two of five patients showed heterogeneous echogenicity of the affected testis on ultrasonography \[[@b12-usg-19097]\]. Heterogeneous echogenicity of the atrophic testes is present due to tubular atrophy and fibrous thickening of the walls of the seminiferous tubules \[[@b13-usg-19097]\]. The hypoechoic area of the heterogeneous testis corresponds to tubular atrophy and sclerosis \[[@b13-usg-19097]\]. Interestingly, in all but one of the cases in the present study, multiple small irregular hyperechoic foci were scattered throughout the affected hypoechoic atrophic testes. Although we could not conclude that a pathologic correlation was present, our results suggest that the hyperechoic islands may be remnants of normal testicular parenchyma.

On color Doppler ultrasonography, most cases of mumps orchitis show hypervascularity in the testicular parenchyma \[[@b3-usg-19097]\]. However, in a previous study, the vascularity of testes with testicular atrophy was decreased in 40% of cases \[[@b12-usg-19097]\]. In our study, six of the nine testes (67%) showed decreased vascularity compared to the contralateral normal testis. The decreased vascularity observed in cases of testicular atrophy is related to tubular atrophy and tubular sclerosis.

In mumps orchitis cases, detection of testicular atrophy using ultrasonography is important because male infertility develops in 37%-87% of patients with testicular atrophy \[[@b9-usg-19097]\]. Testicular atrophy is seen in 40%-70% of mumps orchitis cases \[[@b6-usg-19097]\]. Testicular volume has been found to be correlated with parameters of testicular function including sperm density, total sperm count, total mobile sperm count, motility percentage, serum follicle-stimulating hormone level, and luteinizing hormone level \[[@b14-usg-19097]\]. Spermatogenesis may be disrupted in 50% of patients at 1 to 3 months after recovery from both unilateral and bilateral mumps orchitis \[[@b15-usg-19097]\]. Oligospermia is seen in 7%-13% of mumps orchitis cases \[[@b6-usg-19097]\], and bilateral mumps orchitis causes irreversible infertility in 30%-87% of cases \[[@b8-usg-19097]\].

Preventing testicular atrophy is important in patients with mumps orchitis. Creating an early incision in the tunica albuginea to reduce intratesticular pressure may assist in avoiding testicular atrophy. Erpenbach \[[@b9-usg-19097]\] found that interferon alpha-2B prevents testicular atrophy in cases of mumps orchitis via a direct antiviral effect in which transcriptase-induced viral replication is interrupted. However, other studies have found that interferon alpha-2B is not effective in preventing testicular atrophy in mumps orchitis cases \[[@b8-usg-19097],[@b10-usg-19097]\].

Our study was limited by its retrospective design and small study population. Therefore, further studies with larger sample sizes are necessary. In addition, we could not determine the nature of the hyperechoic foci within the testicular parenchyma on ultrasonography because we were unable to determine whether a pathologic correlation was present.

In conclusion, ultrasonography may be helpful in the diagnosis of testicular atrophy after mumps orchitis by enabling the detection of the features typical to this condition, namely small testis with an oblong shape, heterogeneous low echogenicity with multiple hyperechoic islands, and decreased vascularity.
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![Mumps orchitis with testicular atrophy in a 17-year-old man.\
A. Longitudinal gray-scale ultrasonography shows an enlarged, hypoechoic right testis with an 11-mL testicular volume. B. Color Doppler ultrasonography shows increased blood flow in the testis. C. After 98 days, longitudinal gray-scale ultrasonography shows a testis of decreased size, with a 3-mL volume and an oblong shape. The testis was heterogeneously hypoechoic with multiple hyperechoic foci (arrows) on ultrasonography. D. Color Doppler ultrasonography shows decreased blood flow in the testis.](usg-19097f1){#f1-usg-19097}

![Mumps orchitis with testicular atrophy in an 18-year-old man.\
A. Longitudinal gray-scale ultrasonography shows an enlarged, heterogeneously hypoechoic left testis with a 27.2-mL testicular volume. B. Color Doppler ultrasonography shows increased blood flow in the testis. C. After 230 days, longitudinal gray-scale ultrasonography shows a testis of decreased size, with a 6.7-mL volume and an oblong shape. The testis was heterogeneously hypoechoic with multiple hyperechoic foci (arrows) on ultrasonography. D. Color Doppler ultrasonography shows decreased blood flow in the affected left testis compared with the right testis.](usg-19097f2){#f2-usg-19097}

###### 

Changes in testicular volume between initial US and follow-up US

  Patient No.   Age (yr)   Initial US   Follow-up US   Interval^[a)](#tfn1-usg-19097){ref-type="table-fn"}^ (day)               
  ------------- ---------- ------------ -------------- ------------------------------------------------------------ ----------- -----
  1             17         11.0         6.9            3.0                                                          6.7         98
  2             18         27.2         14.8           6.7                                                          10.8        230
  3             16         35           13.5           5.2                                                          11.6        110
  4             14         25.4         11.9           6.2                                                          13.8        44
  5             14         22.6         6.8            4.1                                                          10.4        58
  6             18         19           10.7           9.9                                                          12.8        112
  7             24         16.2         10.2           7.1                                                          9.6         90
  8             15         15.6         \-             7.0                                                          \-          25
                           11.6         \-             7.5                                                          \-          \-
  Mean±SD       20.4±7.9   10.7±3.1     6.3±2.0        10.8±2.3                                                     95.9±62.8   

US, ultrasonography.

Interval between initial US and follow-up US.

###### 

Comparison of testicular volume of NT and testes affected by MO

  Group   No. of cases   Testicular volume, mean±SD (mL)   P-value    
  ------- -------------- --------------------------------- ---------- -------
  1                                                                   
          NT initial     7                                 10.7±3.1   0.901
          NT follow-up   7                                 10.8±2.3   
  2                                                                   
          MO initial     9                                 20.4±7.9   0.001
          MO follow-up   9                                 6.3±2.0    
  3                                                                   
          NT initial     7                                 10.7±3.1   0.006
          MO initial     9                                 20.4±7.9   
  4                                                                   
          NT follow-up   7                                 10.8±2.3   0.001
          MO follow-up   9                                 6.3±2.0    

NT, normal testes; MO, mumps orchitis; SD, standard deviation.

###### 

Summary of ultrasonographic (US) findings of testicular atrophy in mumps orchitis

  Patient No.   Age (yr)   Location   Initial US   Follow-up US                                                                
  ------------- ---------- ---------- ------------ ---------------------------- --- ------------ ----------------------------- ---
  1             17         Right      Elliptical   Hypoechoic                   2   Oblong       Heterogeneously hypoechoic    0
  2             18         Left       Elliptical   Heterogeneously hypoechoic   2   Oblong       Heterogeneously hypoechoic    0
  3             16         Right      Elliptical   Hypoechoic                   2   Oblong       Heterogeneously hypoechoic    0
  4             14         Right      Elliptical   Hypoechoic                   2   Oblong       Heterogeneously hypoechoic    0
  5             14         Right      Elliptical   Heterogeneously hypoechoic   2   Oblong       Heterogeneously hypoechoic    0
  6             18         Right      Elliptical   Hypoechoic                   2   Elliptical   Heterogeneously hyperechoic   1
  7             24         Right      Elliptical   Hypoechoic                   2   Elliptical   Heterogeneously hyperechoic   0
  8             15         Right      Elliptical   Hypoechoic                   2   Oblong       Heterogeneously hypoechoic    1
                           Left       Elliptical   Hypoechoic                   2   Oblong       Heterogeneously hypoechoic    1

Vascularity was graded using a 3-point scale: 0, decreased vascularity compared with the contralateral normal testis; 1, similar vascularity to the contralateral normal testis; and 2, increased vascularity compared with the contralateral normal testis.
